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ates with a ledge for coupling a nozzle shroud to a nozzle
adaptor. The retention device can be used as a secondary
retention feature to prevent nozzle separation and/or to
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particular benefit when there is damage during assembly or
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1
NOZZLE TIP ASSEMBLY WITH
SECONDARY RETENTION DEVICE

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/111,381 filed Nov. 5, 2008, which is
hereby incorporated herein by reference.

FIELD OF INVENTION

The present invention relates generally to injectors and
nozzles, and more particularly to a retention device for a fuel
injector and nozzle for gas turbine engines.

BACKGROUND

A gas turbine engine typically includes one or more fuel
injectors for directing fuel from a manifold to a combustion
chamber of a combustor. Each fuel injector typically has an
inlet fitting connected either directly or via tubing to the
manifold, a tubular extension or stem connected at one end
to the fitting, and one or more spray nozzles connected to the
other end of the stem for directing the fuel into the com-
bustion chamber. A fuel passage (e.g., a tube or cylindrical
passage) extends through the stem to supply the fuel from
the inlet fitting to the nozzle. Appropriate valves and/or flow
dividers can be provided to direct and control the flow of
fuel through the nozzle and/or fuel passage.

SUMMARY OF INVENTION

The present invention provides a nozzle tip assembly and
method characterized by the use of a retention device
including at least one tab that cooperates with a ledge for
coupling a nozzle shroud to a nozzle adaptor. The retention
device can be used as a secondary retention feature to
prevent nozzle separation and/or to enable the fuel injector
to be repaired without having to replace the entire assembly.
The latter advantage is of particular benefit when there is
damage during assembly or when the nozzle tip assembly is
being overhauled.

More particularly, a nozzle tip assembly for an injector
includes a shroud configured to support an injection device
interiorly of the shroud, and at least one tab having a catch
or being deformable to form the catch that is configured to
engage an axially rearwardly facing ledge for attaching the
shroud to an adaptor.

The shroud may be unitary or comprised of several
assembled together parts. The tab may be in the form of one
or more fingers projecting rearwardly from a body of the
shroud and having at their rearward ends respective radially
outwardly or inwardly projecting catches.

The tab, and in particular the one or more fingers, may be
resiliently flexible for insertion and/or removal of the shroud
with respect to the adaptor. Alternatively or additionally, the
tab, and in particular the one or more fingers, may be
deformable radially outwardly or inwardly, for example by
swaging, to form the catch or catches after the shroud has
been assembled into the adaptor. Alternatively or addition-
ally, the tab, and in particular the one or more fingers, allows
air flow to pass through the injector without being inter-
rupted by the one or more fingers.

The nozzle tip assembly may further include the adaptor
that has one or more ledges for cooperating with the one or
more catches of the tab or tabs. The ledges may be formed
at an axially forward end of an axially extending groove or
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grooves. The axially reawardly facing end surface of the
groove provides a latch surface for engagement by the
respective catch.

The nozzle tip assembly may further include an injection
device of any suitable design supported internally of the
shroud.

Moreover, the present invention provides an injector
including a housing in which the adaptor and nozzle tip
assembly are assembled. According to a further aspect of the
invention, a method for overhauling an injector including a
housing in which an adaptor and nozzle tip assembly are
assembled includes the steps of separating the shroud from
the housing by flexing or deforming the tab or tabs to release
the shroud from the adaptor and then removing the shroud
from the housing. The method may further include the steps
of inserting a new shroud or the overhauled shroud in the
downstream end of the housing, securing the new shroud or
the overhauled shroud to the adaptor via at least one tab, and
welding the shroud or new shroud to the housing. The step
of securing the new shroud or the overhauled shroud to the
adaptor via at least one tab may further include deforming
the at least one tab radially outwardly or inwardly to form
the catch or catches to secure the shroud to the adaptor, for
example by swaging. The method may also include assem-
bling a new shroud or overhauling a previously assembled
shroud.

The foregoing and other features of the invention are
hereinafter described in greater detail with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a portion of an
exemplary gas turbine engine illustrating a fuel injector in
communication with a combustor;

FIG. 2 is a fragmentary cross-sectional view of a fuel
injector showing details of an exemplary nozzle tip assem-
bly in accordance with the invention;

FIG. 3 is a cross-sectional view illustrating a tab being
coupled to an adaptor in accordance with the invention;

FIG. 4 is a cross-sectional view illustrating another tab
being coupled to an adaptor in accordance with the inven-
tion;

FIG. 5 is a perspective view of an exemplary adaptor in
accordance with the invention;

FIG. 6 is a perspective view of an exemplary shroud in
accordance with the invention;

FIG. 7 is a perspective view of another exemplary adaptor
in accordance with the invention;

FIG. 8 is a perspective view of another exemplary shroud
in accordance with the invention;

FIG. 9 is a fragmentary cross-sectional view of another
fuel injector showing details of an exemplary nozzle tip
assembly in accordance with the invention; and

FIG. 10 is a fragmentary cross-sectional view of still
another fuel injector showing details of an exemplary nozzle
tip assembly in accordance with the invention.

DETAILED DESCRIPTION

The principles of the present invention have particular
application to fuel injectors and nozzles for gas turbine
engines and thus will be described below chiefly in this
context. It will of course be appreciated, and also under-
stood, that the principles of the invention may be useful in
other applications including, in particular, other fuel nozzle
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applications and more generally applications where a fluid is
injected by or sprayed from a nozzle.

Referring now in detail to the drawings and initially to
FIG. 1, a gas turbine engine for an aircraft is illustrated
generally at 10. The gas turbine engine 10 includes an outer
casing 12 extending forwardly of an air diffuser 14. The
casing 12 and diffuser 14 enclose a combustor, indicated
generally at 20, for containment of burning fuel. The com-
bustor 20 includes a liner 22 and a combustor dome,
indicated generally at 24. An igniter, indicated generally at
25, is mounted to the casing 12 and extends inwardly into the
combustor 20 for igniting fuel. The above components can
be conventional in the art and their manufacture and fabri-
cation are well known.

A fuel injector, indicated generally at 30, is received
within an aperture 32 formed in the engine casing 12 and
extends inwardly through an aperture 34 in the combustor
liner 22. The fuel injector 30 includes a fitting 36 exterior of
the engine casing 12 for receiving fuel, as by connection to
a fuel manifold or line; a fuel nozzle tip assembly, indicated
generally at 40, disposed within the combustor 20 for
dispensing fuel; and a housing 42 interconnecting and
structurally supporting the nozzle tip assembly 40 with
respect to fitting 36. The fuel injector 30 is suitably secured
to the engine casing 12, as by means of an annular flange 41
that may be formed in one piece with the housing 42
proximate the fitting 36. The flange 41 extends radially
outward from the housing 42 and includes appropriate
means, such as apertures, to allow the flange 41 to be easily
and securely connected to, and disconnected from, the
casing 12 of the engine using, for example, bolts or rivets.

The fuel injector 30 shown in FIG. 1 is of the type
disclosed in U.S. patent application Ser. No. 11/625,539 and
is exemplary of a fuel injector to which principles of the
invention may be applied. The nozzle tip assembly may be
replaced by a nozzle tip assembly according to the present
invention, and an exemplary nozzle tip assembly is shown in
FIG. 2. For ease of description, the same reference numerals
will be used to denote corresponding components.

As best seen in FIG. 2 when viewed in conjunction with
FIG. 1, the housing 42 includes a central, longitudinally-
extending bore 50 extending the length of the housing 42. A
fuel conduit 52 extends through the bore 50 and fluidly
interconnects fitting 36 and nozzle tip assembly 40. The fuel
conduit 52 has an internal passage for the passage of fuel.
The fuel conduit 52 is surrounded by the bore 50 of the
housing 42, and an annular insulating gap 56 is provided
between the external surface of the fuel conduit 52 and the
walls of the bore 50. The insulating gap 56 provides thermal
protection for the fuel in the fuel conduit 52. The housing 42
has a thickness sufficient to support nozzle tip assembly 40
in the combustor 20 when the injector 30 is mounted to the
engine, and is formed of material appropriate for the par-
ticular application.

Referring now to the nozzle tip assembly 40 in detail, the
nozzle tip assembly 40 is configured for insertion into the
fuel injector 30, and in the illustrated embodiment, at a
downstream end of the housing 42. The nozzle tip assembly
40 includes a nozzle adaptor 68 that is coupled to the
housing 42 at an upstream end of the housing 42 by any
suitable means, such as by brazing or welding at 84, or
alternatively, the adaptor 68 may be integrally formed with
the housing 42. The nozzle tip assembly 40 may also include
a fluid injection device 72 that is configured to receive fluid,
such as fuel, from the fuel conduit 52. The fluid injection
device 72 may also be configured to disperse the fuel to an
air swirler 80 to be mixed with air flowing through the fuel
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injector 30, and the fuel flow from the fiuid injection device
72 can be metered based on the engine fuel manifold
pressure. The fluid injection device and associated swirler
may be of any suitable design for the intended application.

The nozzle tip assembly 40 also includes a nozzle shroud
58 that may be inserted into the fuel injector 30 from the
downstream end of the housing 42, and may be coupled to
the housing 42 at the downstream end by any suitable
means, such as by welding at 82. Upon insertion into the fuel
injector 30, the shroud 58 will at least be partially sur-
rounded by the adaptor 68, and the fluid injection device 72
will be supported interiorly of the shroud 58. A rearward
portion of the fluid injection device 72 may be coextensive
with a rearward portion of the shroud 58 and the shroud 58
may radially outwardly surround the injection device 72.

In accordance with the invention, a retention device is
used to provide a secondary retention feature for holding the
shroud 58 to the adaptor 68 if the primary retention means,
e.g. weld at 82, was to fail during use of the nozzle tip
assembly. As will become more apparent below, the reten-
tion device additionally or alternatively enables the fuel
injector to be repaired without having to replace the entire
assembly. The latter advantage is of particular benefit when
there is damage during assembly or when the nozzle tip
assembly is being overhauled.

The retention device includes at least one tab on either the
shroud or adaptor that cooperates with a ledge on the other
for coupling the nozzle shroud to the nozzle adaptor. In the
illustrated embodiment, the tab is provided on the shroud
and the ledge is formed on the nozzle adaptor. Although the
tab may be annularly continuous in some embodiments,
more preferably the tab 64 is in the form of one or more
fingers that are circumferentially spaced apart and extend
axially rearwardly from a body portion of the shroud 58. At
their rearward ends, each finger is provided with a radially
outwardly projecting catch 66 for engaging the ledge (or
ledges) on the adaptor.

The ledge or ledges may be formed in any suitable manner
on the adaptor 68. The ledge, for example, may be formed
by an axial end face of the adaptor, although in the illustrated
embodiment the ledge is in the form of plural ledges 70 for
respective fingers 64. The ledges are formed by the axially
rearwardly facing end face of respective axial recesses 78
formed in the inner diameter surface of the adaptor 68,
which recesses preferably are in the form of grooves. The
recesses/grooves are circumferentially spaced apart in cor-
respondence to the circumferential spacing of the tabs/
fingers 64. If the primary retention device, e.g. weld 82,
holding the shroud to the housing were to fail, any axial
separation movement of the shroud relative to the adaptor
would cause the catches to engage the ledges and create an
axial interference to prevent separation of the shroud from
the adaptor and thereby prevent damage to the gas turbine
engine. Although when assembled the catches can be butted
against the ledges, in the illustrated embodiment a space is
provided to accommodate differential expansion of the adap-
tor and shroud while still providing a secondary retention
feature.

When designing the tabs 64, certain design considerations
can be taken into account such as installation stresses,
excitation frequency, holding strength of the tabs, etc., and
the design considerations may be affected by length, thick-
ness, catch height, number of tabs, material properties, etc.

With reference to FIG. 3, the catches may be pre-formed
on the ends of the tabs/fingers, and the fingers preferably
have sufficient resiliency to allow the catch to pass through
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the smaller diameter opening in the forward portion of the
adaptor and then snap into the grooves 78 to engage behind
the ledges.

FIG. 4 illustrates an alternative manner of assembly.
Initially the radially outer extent of the fingers is such that
they can pass through the opening in the forward portion of
the adaptor without any significant flexing, and then the rear
end portions are turned radially outwardly, as by swaging, to
form the catches as seen in FIG. 4.

The foregoing arrangement also provides for removable
coupling of the shroud to the adaptor. In this regard, the
primary retention feature, e.g. weld 82, can be released, as
by heating or cutting, and then the tabs/fingers deflected
radially inwardly sufficiently to allow the catches to clear the
ledges for passage through the opening at the forward end of
the adaptor. This is discussed further hereinafter.

Referring in detail to the shroud 58 of FIG. 2, the shroud
58 may be unitary or may be composed of one or more parts,
such as an inner shell and an outer shell, with the inner shell
being supported centrally in the outer shell. The tabs 64 may
extend rearwardly from a main tubular body portion of the
inner shell, although it will be appreciated that the tabs 64
may extend from the outer shell, or from both the inner and
outer shell. That is, the tabs/fingers may be unitary with one
and/or both of the inner and outer shell.

To form the shroud, the inner shell is configured to be
coupled to the outer shell by any suitable means, such as by
brazing. The outer shell and inner shell may be inserted into
the fuel injector 30 from the downstream end of the housing
42, with the shroud being supported centrally in the housing
42. The outer shell then may be coupled to the downstream
end of the housing 42, such as by welding at 82, at its
downstream portion. Once inserted into the fuel injector 30,
the outer shell and inner shell may be at least partially
surrounded by the adaptor 68 and coupled to the adaptor 68
via tabs 64, as described above.

Referring now to FIGS. 5-8, perspective views are shown
of'exemplary shrouds 58 and 158 and exemplary adaptors 68
and 168. The shrouds 58 and 158 include a plurality of
circumferentially spaced apart finger like tabs 64 and 164.
The plurality of tabs 64 and 164 may be received in a
plurality of grooves 78 and 178 at the upstream end of the
adaptors 68 and 168, with each groove 78, 178 having an
end face (ledge) 70, 170 that can be engaged by radially
outwardly projecting catches 66 and 166. The adaptors 68
and 168 may include an aperture 74, 174 that may provide
access to the area inside the adaptor. The aperture may, for
example, allow access for fuel to pass from outside the
adaptor to a fluid injection device.

As shown in FIG. 5, the adaptor 68 has three grooves 78
for receiving three circumferentially spaced apart tabs 64
and as shown in FIG. 7, the adaptor 168 has four grooves
178 for receiving four circumferentially spaced apart tabs
164. The tabs 64 and 164 are configured to be resiliently
flexible for insertion to and removal from the fuel injector
30. If the tabs 64 and 164 deform during installation, they
can be post-installation formed to couple with the end faces
70 and 170 of the grooves 78 and 178.

The tabs 64 and 164 and the spacing between the tabs may
be designed to allow air flow to pass through the fuel injector
30 without being interrupted by the tabs. It should be
appreciated that although shrouds 58 and 158 are shown
including three and four tabs, respectively, the shrouds can
include any number of tabs suitable for coupling to the
adaptors 68 and 168.

In some instances, the nozzle tip assembly 40 may be
damaged during OEM assembly, for example, the thermal
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barrier coating of the shroud 58 may be chipped during
handling or the nozzle tip assembly may need to be over-
hauled due to damage to the assembly while in use. With
conventional fuel injectors, the previously used permanent
connections render the nozzle tip assembly unserviceable,
leading to total replacement of the assembly instead of
allowing for repair of or replacement of a sub-assembly.
Using the exemplary nozzle tip assembly 40, the assembly
40 can be overhauled by separating the shroud 58 from
housing 42 at weld 82. In some instances, if the weld at 82
has failed, the nozzle tip assembly 40 will only be secured
by the secondary retention device and therefore there will
not be a weld that needs to be removed. The at least one tab
64 can then be flexed or deformed inwardly to release the
shroud 58 from the housing 42 for removal. The axial
elongation of the tabs facilitates flexing thereof.

Once the shroud 58 has been removed, the nozzle tip
assembly 40 can be overhauled, for example by servicing a
shroud 58 with a chipped thermal barrier coating, servicing
the fluid injection device 72, etc. Alternatively, if the shroud
58 were damaged beyond repair or one of either the inner
shell or the outer shell were damaged beyond repair, a new
shroud or some combination of old and new parts can be
assembled to form a shroud. The shroud 58 or new shroud
can then be inserted into the fuel injector 30 via the
downstream end of the housing 42. Once inserted into the
fuel injector 30, the shroud 58 or new shroud can be secured
to the adaptor 68 via the at least one tab 64. Then, the shroud
58 or new shroud can be welded at 82 to the housing 42 and
the fuel injector 30 put back in service.

Turning now to FIG. 9, another exemplary embodiment of
the nozzle tip assembly is indicated generally by reference
numeral 240. The nozzle tip assembly 240 may be substan-
tially the same as the above referenced nozzle tip assembly
40, although some details have been omitted. The same
reference numerals indexed by 200 are used to denote the
structures corresponding to similar structures in the nozzle
tip assembly 40.

In the nozzle tip assembly 240, the tabs/fingers are
disposed radially outwardly of the adaptor whereas in the
nozzle tip assembly 40 the tab/fingers are disposed radially
inwardly of the adaptor. More particularly, the shroud 258
includes at least one tab that cooperates with a ledge on the
adaptor for coupling the shroud to the adaptor, although it
will be appreciated that the at least one tab may be included
on either the shroud or adaptor and the cooperating ledge on
the other. As illustrated in FIG. 10, the at least one tab 264
is on the adaptor 268 and the ledge 270 is on the shroud 258.

Although the tab may be annularly continuous in some
embodiments, more preferably the tab 264 is in the form of
one or more fingers that are circumferentially spaced apart
and extend axially rearwardly from a body portion of the
shroud 258. At their rearward ends, each finger is provided
with a radially inwardly projecting catch 266 for engaging
the ledge (or ledges) on the adaptor.

The ledge or ledges may be formed in any suitable manner
on the adaptor 268. The ledge, for example, may be formed
by an axial end face of the adaptor, although in the illustrated
embodiment the ledge is in the form of plural ledges 270 for
respective fingers 264. The ledges are formed by the axially
rearwardly facing end face of respective axial recesses 278
formed in the outer diameter surface of the adaptor 268,
which recesses preferably are in the form of grooves. The
recesses/grooves are circumferentially spaced apart in cor-
respondence to the circumferential spacing of the tabs/
fingers 264. If the primary retention device, e.g. weld 282,
holding the shroud to the housing were to fail, any axial
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separation movement of the shroud relative to the adaptor
would cause the catches to engage the ledges and create an
axial interference to prevent separation of the shroud from
the adaptor and thereby prevent damage to the gas turbine
engine. Although when assembled the catches can be butted
against the ledges, in the illustrated embodiment a space is
provided to accommodate differential expansion of the adap-
tor and shroud while still providing a secondary retention
feature.

Although the invention has been shown and described
with respect to a certain embodiment or embodiments, it is
obvious that equivalent alterations and modifications will
occur to others skilled in the art upon the reading and
understanding of this specification and the annexed draw-
ings. In particular regard to the various functions performed
by the above described elements (components, assemblies,
devices, compositions, etc.), the terms (including a reference
to a “means”) used to describe such elements are intended to
correspond, unless otherwise indicated, to any element
which performs the specified function of the described
element (i.e., that is functionally equivalent), even though
not structurally equivalent to the disclosed structure which
performs the function in the herein illustrated exemplary
embodiment or embodiments of the invention. In addition,
while a particular feature of the invention may have been
described above with respect to only one or more of several
illustrated embodiments, such feature may be combined
with one or more other features of the other embodiments,
as may be desired and advantageous for any given or
particular application.

What is claimed is:

1. A nozzle tip assembly for an injector including

an adaptor having at least one axially rearwardly facing

ledge,

a shroud configured to support an injection device inte-

riorly of the shroud, and

a plurality of circumferentially spaced fingers projecting

rearwardly from a body of the shroud, each of the
plurality of the circumferentially spaced fingers having
rearward ends and radially outwardly or inwardly pro-
jecting catches at the rearward ends that engage the at
least one axially rearwardly facing ledge of the adaptor
for attaching the shroud to the adaptor.

2. The nozzle tip assembly according to claim 1, wherein
the each of the plurality of the circumferentially spaced
fingers is resiliently flexible for insertion or removal of the
shroud with respect to the adaptor.

3. The nozzle tip assembly according to claim 1, wherein
the plurality of the circumferentially spaced fingers allows
air flow to pass through the injector without being inter-
rupted by the plurality of the circumferentially spaced
fingers.

4. The nozzle tip assembly according to claim 1, wherein
the each of the plurality of the circumferentially spaced
fingers is deformed radially outwardly or inwardly to form
a respective catch after the shroud has been assembled into
the adaptor.

5. The nozzle tip assembly according to claim 1, wherein
the at least one axially rearwardly facing ledge includes a
plurality of ledges for cooperating with respective catches of
the plurality of the circumferentially spaced fingers.

6. The nozzle tip assembly according to claim 5, wherein
the ledges are formed at an axially forward end of an axially
extending groove or grooves.

7. The nozzle tip assembly according to claim 1, further
including the injection device supported internally of the
shroud.
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8. An injector including a housing and the nozzle tip
assembly according to claim 1, wherein the nozzle tip
assembly is assembled in the housing.

9. The nozzle tip assembly according to claim 1, wherein
the each of the plurality of the circumferentially spaced
fingers has radially outwardly projecting catches.

10. The nozzle tip assembly according to claim 1, wherein
the each of the plurality of the circumferentially spaced
fingers has radially inwardly projecting catches.

11. A nozzle tip assembly for an injector including:

an adaptor having a plurality of axially rearwardly facing
ledges;

an injection device; and

a shroud configured to support the injection device inte-
riorly of the shroud, the shroud including a plurality of
circumferentially spaced fingers projecting rearwardly
from a body of the shroud, each of the plurality of the
circumferentially spaced fingers having a rearward end
and a radially outwardly projecting or inwardly pro-
jecting catch at the rearward end for engaging a respec-
tive one of the plurality of the axially rearwardly facing
ledges to prevent axial separation of the shroud from
the adaptor.

12. The nozzle tip assembly according to claim 11,
wherein the each of the plurality of the circumferentially
spaced fingers has radially outwardly projecting catches.

13. The nozzle tip assembly according to claim 11,
wherein the each of the plurality of the circumferentially
spaced fingers has radially inwardly projecting catches.

14. A fuel injector for a gas turbine engine, the fuel
injector including:

a housing having a first end provided with a mount for
attachment of the housing to an outer casing of the gas
turbine engine and a second end; and

a nozzle tip assembly at the second end of the housing, the
nozzle tip assembly including:
an adaptor disposed in and coupled to the second end

of the housing, the adaptor including a plurality of
axially rearwardly facing ledges;

a shroud coupled to the housing and at least partially
surrounded by the adaptor, the shroud including a
plurality of circumferentially spaced fingers project-
ing rearwardly from a body of the shroud, each of the
plurality of the circumferentially spaced fingers hav-
ing a rearward end and a radially outwardly project-
ing or inwardly projecting catch at the rearward end
that engages a respective one of the axially rear-
wardly facing ledges for attaching the shroud to the
adaptor; and

a fluid injection device supported interiorly of the shroud.

15. The fuel injector according to claim 14, where the
adaptor is coupled to an upstream end of the housing.

16. The fuel injector according to claim 14, wherein the
shroud is coupled to a downstream end of the housing.

17. The fuel injector according to claim 14 further includ-
ing an air swirler, wherein the fluid injection device is
configured to disperse the fluid to the air swirler to be mixed
with air flowing through the injector.

18. The fuel injector according to claim 14, wherein the
adaptor includes an aperture through a wall of the adaptor
for allowing fuel to pass from outside the adaptor to the fluid
injection device.

19. A gas turbine engine including an outer casing, a
combustor within the interior of the outer casing, and the
fuel injector according to claim 14, with the mount of the
housing attached to the outer casing with the nozzle tip
assembly disposed interiorly of the combustor and supported
by the housing separate from the combustor.
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